ABSTRACT: Time-varying sliding mode controller(TVSMC) with fuzzy algorithm for an unmanned automatic excavator system is proposed in this paper. Proposed control system is induced from dynamics of 3-link excavator that is boom, arm and bucket. To design the proposed control system, the main structure of controller is based on sliding mode controller(SMC) with time varying sliding surface. In case of TVSMC the robustness of closed loop system can be guaranteed with small chattering but the tracking performance depends on the behavior of sliding surface. Therefore, TVSMC with fuzzy algorithm is proposed in this paper. In the proposed control system, fuzzy algorithm is designed to decide the slop of time varying sliding surface based on the tracking response. As the slop of sliding surface is changed based on the tracking response, a better transient response can be obtained. The proposed control law is applied to the tracking control system of the developed automatic excavator system and the performance is evaluated through experiments.
INTRODUCTION
Excavator is the equipment that can perform the various works with replaceable device at end-effect. However, due to the simple and repeated work, the fatigue of operator is accumulated and this can causes the safety accidents. This kind of monotones and repeated work can be covered by the automation of the excavator and it can perform the work more effectively, also the safety of operator can be secured in dangerous work environment. Therefore, the demand for automatic excavator systems has steadily increased leading to active research in this area. The main issue with an automatic excavator is to build a proper closed-loop control system for each link of the excavator which is driven by a hydraulic system. The representative control system for an automatic excavator system have been applied to an impedance control, PID controller and time delay control [1] [2] [3] . Also, an optimal control system were investigated to improve the performance the power system in a hybrid hydraulic excavator by [4] [5] [6] .
For the robust tracking control of the hydraulic system in the excavator, control of the hydraulic single-rod cylinder using an electro hydraulic manipulator was studied [7] .
However, the implementation of such systems tends to demand a large number of computations whereas a mathematical proof of their stability cannot be obtained with ease.
This paper represents the development of an automatic excavator system with modifying the MCV(Main Control Valve) and proposes the robust control system to control the hydraulic actuator. For the robust control system, the TVSMC with fuzzy algorithm is proposed. In order to construct the automatic excavator system, EPPR(Electronic Proportional Pressure Reducing) valve installed on the MCV to control the pilot pressure of MCV. Based on the developed automatic excavator system, robust tracking control system is designed using TVSMC with fuzzy algorithm. the proposed tracking control system is design to improve the performance of conventional SMC. In general, conventional SMC can guarantee the robustness for the uncertainty of the system and disturbance but the high frequency chattering is generated by switching term and this may cause the damage on the hardware [8] . In order to reduce chattering phenomenon of conventional SMC, the proposed controller is designed the sliding surface can be changed depend on the tracking response based on reaching law method. Since the proposed TVSMC with fuzzy algorithm can the state variables can sustain on the designed sliding surface from initial state, the transient response can be improved.
The rest of the paper is organized as follows. The construction of the auto excavator system is described briefly on section 2, and TVSMC design procedure and the application of the fuzzy algorithm is described on section 3.
Also, the response performance that was described in section 4. The conclusion remarks in section 5.
AUTOMATIC EXCAVATOR SYSTEM
1.5 ton excavator of D company shown in 
ASLIDING MODE CONTROLLER WITH TIME VARYING SLIDING SURFACE USING FUZZY LOGIC

PROPOSED SLIDING SURFACE
Since conventional sliding mode control system generally cause the hardware damage due to the high frequency chattering, the sliding mode control system based on the reaching law has been suggested. The sliding mode control system designed based on the reaching law becomes the form of the continuous structure that is proportional factor for the sliding variables. Even though this structure of sliding mode controller can reduce the high frequency chattering, the steady state response is to be poor.
Therefore, TVSMC is proposed in this paper. The proposed TVSMC can make the state variables stay on the sliding surface from initial state. In order to design the time varying sliding surface, the estimated error were selected as follows: 
where
When the initial state of the error ( ) 0 ( where the slope of the final sliding surface is expressed as ] [
The designed sliding surface is function of Based on the membership function, the fuzzy rules are designed as shown in Table 2 . The defuzzification method is used by mandani method. d) of Fig. 3 shows the surface of fuzzy rules.
DESIGN A SLIDING MODE CONTROL SYSTEM
To design the sliding mode control law, the following regular form for dynamic systems is considered [4] . 
To the system Eq. (8), the control input satisfies Eq. (11) can be obtained as
where the equivalent control input eq u is expressed as
The equivalent control input Eq. (6) has an unknown term d. Thus, it is hard to be applied in this form. The equivalent control input is separated into two parts, the disturbance and the others. 
where 
Each factor of
for the Coriolis force and centrifugal force and
for the gravity would be as follows:
The continuous structure sliding mode controller is designed based on Eqs. (16) and (17) as follows:
EXPERIMENTS
The reference signal was generated so that the displacement at the end-effect of the automatic excavator can be moved on diagonal direction to verify the command following performance of the proposed control system. The In order to evaluate the performance of the proposed control system, the regulation performance of the arm was analyzed by applying to the step input at the boom. When the step input was excited to the boom link, the control law of arm link was set to keep the initial position. The response of arm link was compared TVSMC and TVSMC with Fuzzy algorithm was compared because the step response of boom affects to the arm link as disturbance. During this comparison fi t for the TVSMC was selected as 2 and the rest of the SMC parameters were remained the same with both controller. Fig. 9 represents the response result of the arm link. As shown in result, It is found that the response of the proposed control law is faster than TVSMC law and the performance of disturbance cancellation is superior to TVSMC.
CONCLUSION
In this research, the existing 1. 
